The size and demographic composition of the U.S. academic medicine workforce have changed substantially over the past 20 years, [1] [2] [3] largely because of the increased number of U.S. Liaison Committee on Medical Education (LCME)-accredited, MD-granting medical schools. 4 During this time, the proportions of women and nonwhite fulltime faculty appointees also increased. 3 Notably, full-time faculty promotion rates began decreasing and average time to promotion began increasing among firsttime assistant and associate professors appointed in academic years (AYs) 1967 through 1997. 5 Additionally, among MD assistant professors appointed in AYs 1981 through 1997 in clinical departments, more than half left their institutions within 10 years, with most leaving academic medicine entirely. 6 Although faculty are simultaneously "at risk" for both promotion and attrition (as competing events), previous academic medicine workforce studies have examined promotion and attrition separately. [5] [6] [7] [8] [9] [10] Therefore, in this study, we applied competing risk methodology to examine probabilities of promotion and attrition over time in newly appointed, full-time academic medicine faculty and to identify demographic, professional development, and institutional variables associated with these outcomes in the presence of competing events.
Method
Washington University's institutional review board approved this study as nonhuman-subjects research.
The Association of American Medical Colleges (AAMC) provided us with individually linked, deidentified data (variables described below) for the national cohort of 129,867 U.S. LCMEaccredited medical school matriculants in AYs 1993-1994 through [2000] [2001] . For this study, we included students from this cohort who graduated in calendar years 1997 through 2004 (i.e., from January 1, 1997 through December 31, 2004 ) who initially received full-time instructor or assistant professor faculty appointments at U.S. LCME-accredited medical schools from January 1, 2000 through December 31, 2012.
We obtained data for gender and race/ ethnicity from the AAMC Student Records System. 11 We categorized race/ ethnicity as white, underrepresented racial/ethnic minorities in medicine (URM, including black or African American, Hispanic, and American Indian/Alaska Native), Asian/Pacific Abstract Purpose Competing risk methodology was used to identify variables associated with promotion and attrition of newly appointed full-time instructors or assistant professors in U.S. MD-granting medical schools.
A national sample of U.S. MD-granting medical school graduates in calendar years 1997-2004 who received initial full-time instructor or assistant professor appointments from January 1, 2000 through December 31, 2012, was followed through December 31, 2013 . Adjusted proportional subdistribution hazard ratios (aSHRs) measured the effects of demographic, educational, and institutional variables on promotion and attrition.
Results
The final study sample included 27,219 full-time instructors (n = 10,470) and assistant professors (n = 16, 749) . In all models (entire sample and stratified by initial rank), faculty who reported all other (vs. full-time faculty) career intentions at graduation and were underrepresented racial/ethnic minority (vs. white) faculty had lower aSHRs for promotion and greater aSHRs for attrition, whereas researchintensive (vs. non-research-intensive) medical school graduates, faculty at schools without a tenure track, and mentored K awardees had greater aSHRs for promotion and lower aSHRs for attrition. In all models, faculty with ≥ $100,000 (vs. no) debt at graduation had greater aSHRs for attrition. Among instructors, women had lower aSHRs for attrition than men, but among assistant professors, women had greater aSHRs for attrition.
Conclusions
This study adds new knowledge about career trajectories of academic medicine faculty initially appointed as fulltime instructors. Career development interventions and research mentoring during and after medical school and debt reduction programs could help increase academic medicine faculty retention and promotion.
Islander (PI), or other/unknown. The AAMC also provided us with data indicating attendance at a researchintensive medical school (no/yes), defined as being ranked in the top 40 for National Institutes of Health (NIH) funding. 12 Using AAMC Graduation Questionnaire (GQ) data, 13 we created a four-category variable for total debt at graduation (no debt, $1-$99,999, ≥ $100,000, and missing) and a three-category variable for career intention at graduation (fulltime university faculty in basic or clinical sciences, all other careers [e.g., full-time clinical practice, nonuniversity research scientist, other, and undecided], and missing). To minimize bias introduced by excluding cases with missing data from the analysis, we created the "missing" category for these survey items to include individuals who either did not answer the respective GQ item or did not complete the GQ at all.
Using the AAMC Faculty Roster, we created a three-category outcome indicator variable for academic medicine faculty status (promotion, attrition without promotion, and retention without promotion) based on the start and end dates of faculty whose first appointment was as a full-time instructor or assistant professor. The first subsequent full-time appointment at a higher rank indicated promotion. We included only faculty who had an end date and no subsequent start date in the attrition group. We calculated time (in months) from initial appointment to promotion or attrition using start and end dates; we calculated time (in months) for faculty who were retained without promotion using start date and date of censorship (December 31, 2013). We also created a four-category variable for initial track (nontenure track, tenure track, tenure unavailable at the medical school, and missing, to minimize the potential for bias by excluding faculty for whom initial track was not reported in the Faculty Roster) and an eightcategory variable for department at initial appointment (internal medicine, family medicine, obstetrics-gynecology, surgery, pediatrics, psychiatry, radiology, and all other clinical and basic science departments).
Using multiple identifiers shared between the AAMC and NIH (e.g., full name, gender, medical school name, and graduation year), we obtained publicly available data on federal research awards to individuals in our cohort. The NIH and AAMC contracted with Net ESolutions Corporation (Bethesda, Maryland) to conduct the record match and provide awards data from the NIH Information for Management, Planning, Analysis, and Coordination (IMPAC) II database to the AAMC, and the AAMC provided individually linked, deidentified awards data to us. Using graduation year and fiscal year of award, we created a binary variable for mentored K award (K01/K08/K23) receipt (no/ yes) after medical school graduation and before date of promotion, attrition, or censorship.
We used chi-square statistics to test associations between each categorical variable and faculty status outcome. We used the nonparametric estimates of cumulative incidence function (CIF) to describe the 10-year probabilities of promotion and attrition after initial appointment 14 and report the 95% confidence intervals (CIs) of the CIFs; we plotted these probabilities using R 3.4.0 (R Foundation, Vienna, Austria). To compare the CIFs among groups, we used Gray's statistic. 14 Under the null hypothesis of homogeneity of CIFs among k groups (determined by the number of groups in a given categorical variable), Gray's statistic follows a chi-square distribution with degrees of freedom k -1. Two-tailed P < .05 indicated significant differences between groups in probabilities of promotion and attrition.
To study the effects of various characteristics on promotion and attrition after initial appointment and followed through December 31, 2013, we used proportional subdistribution hazards models. 15 Estimation of the regression coefficients is based on Cox partial likelihood with modified risk sets. Faculty who experience a competing event are retained after their event. These cases are assigned different weights for the risk set at different event times. The weight is gradually reduced according to the conditional probability of being under follow-up had the competing event not occurred. The interpretation of the regression coefficients is the difference (or change) in log subdistribution hazards. Exponentiation of regression coefficients is the subdistribution hazard ratio. We present point estimates for unadjusted subdistribution hazard ratios (uSHRs) and adjusted subdistribution hazard ratios (aSHRs) and their 95% CIs with two-tailed P values; adjusted models controlled for appointment year in addition to other variables of interest. Analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, North Carolina). Table 1 shows the characteristics of our final study sample of 27,219 new full-time faculty appointees, grouped by faculty status outcome. Table 2 shows the 10-year probabilities of promotion and attrition for the entire study sample. Overall, the 10-year probabilities of promotion, attrition, and retention without promotion were 36%, 36%, and 28% (calculated as the remainder: 100% -72%), respectively. For instructors, the 10-year probability of retention without promotion was 10%, and for assistant professors, it was 41%. Significant differences in 10-year probabilities of promotion and attrition were observed for each variable except debt at graduation, for which only the probabilities of attrition differed significantly.
Results

Of
In the entire study sample, the 10-year probabilities of promotion were lower and probabilities of attrition were higher for URM faculty ( Figure 1 ) and women ( Figure 2 ). Ten-year probabilities of both promotion and attrition were Abbreviation: LCME indicates Liaison Committee on Medical Education. a Individuals in the sample were U.S. LCME-accredited medical school graduates. Each outcome is for the first event (either promotion or attrition) within a 10-year follow-up after initial appointment at rank of full-time instructor or assistant professor; outcomes are mutually exclusive categories. Each characteristic was significantly associated with the outcome in chi-square tests at P < .001. Significance of probabilities of promotion and attrition determined using Gray's statistic, 14 comparing groups within a 10-year follow-up after initial appointment at rank of full-time instructor or assistant professor. Each outcome is for the first event (either promotion or attrition) within a 10-year follow-up; outcomes are mutually exclusive categories. c Includes black or African American, Hispanic, and American Indian/Alaska Native.
higher for instructors than for assistant professors (see Supplemental Digital Appendix 1; all supplemental digital content is available at http://links.lww. com/ACADMED/A595). In addition, 10-year probabilities of promotion were higher and probabilities of attrition were lower for faculty on the tenure track and at schools where tenure was unavailable (see Supplemental Digital Appendix 2) and for faculty who reported full-time university faculty in basic or clinical sciences career intentions at graduation (see Supplemental Digital Appendix 3), attended research-intensive medical schools (see Supplemental Digital Appendix 4), and received mentored K awards (see Supplemental Digital Appendix 5). Ten-year probabilities of attrition were higher among faculty with ≥ $100,000 in debt and those missing debt information at graduation; debt was not significantly associated with probabilities of promotion (see Supplemental Digital Appendix 6). Ten-year probabilities of promotion were lower and probabilities of attrition were higher for faculty with initial appointments in family medicine, psychiatry, and radiology departments (see Table 2 ). Table 3 shows the uSHRs and aSHRs for effects of all variables on promotion and attrition for the entire study sample. Graduates who were URM and women, who reported other career intentions or were missing intention data at graduation, and whose initial faculty appointment was in a psychiatry or radiology department had both lower aSHRs for promotion and greater aSHRs for attrition. Research-intensive medical school graduates, faculty at schools without a tenure track, and faculty who received mentored K awards had both greater aSHRs for promotion and lower aSHRs for attrition. Faculty whose initial rank was instructor and faculty whose initial appointment was in a surgery department had greater aSHRs for both promotion and attrition. Faculty on the tenure track and in all other clinical and all basic science departments had greater aSHRs for promotion. Appointees in more recent years had lower aSHRs for both promotion and attrition. Asian/PI faculty, faculty with any debt, and faculty missing information about debt at graduation had greater aSHRs for attrition, and faculty in pediatrics departments had a lower aSHR for attrition.
Because the 10-year probabilities for promotion and attrition differed significantly between instructor and assistant professor (see Table 2 
All variables were significantly associated with faculty status outcomes in bivariate tests among instructors (see Supplemental Digital Appendix 7) and among assistant professors (see Supplemental Digital Appendix 8). Among instructors, we observed significant differences in 10-year probabilities of promotion for all variables, except debt and gender, and in probabilities of attrition for all variables (see Supplemental Digital Appendix 9). Among assistant professors, we observed significant differences in probabilities of promotion and attrition for all variables (see Supplemental Digital Appendix 10). The direction of findings for the probabilities of attrition among instructors and assistant professors differed by gender; women instructors had a lower probability of attrition than men at the same rank (see Supplemental Digital Appendix 9), but women assistant professors had a higher probability of attrition than men at the same rank (see Supplemental Digital Appendix 10).
In models stratified by rank (see Supplemental Digital Appendix 11 and Appendix 12), aSHRs for promotion for each variable were in the same direction as those for the entire study sample (see Table 3 ). The aSHRs for attrition in stratified models were also in the same direction as those for the entire study sample, except for gender and department at initial appointment. That is, in the entire study sample and Figure 1 Ten-year probabilities of MD faculty promotion (chi-square = 44.2, df = 3, P < .001) and attrition (chi-square = 43.5, df = 3, P < .001) since initial appointment as full-time instructor or assistant professor at U.S. Liaison Committee on Medical Education (LCME)-accredited medical schools, by race/ethnicity. Individuals in the sample were U.S. LCME-accredited medical school graduates. Nonparametric estimates of cumulative incidence function (CIF) were used to plot the probabilities of promotion and attrition after initial appointment (from January 1, 2000 through December 31, 2012) and followed through December 31, 2013; CIFs were compared among groups using Gray's statistic. 14 The probability of promotion is the vertical distance from 0 to the promotion curve; the probability of attrition is the vertical distance from 1 to the attrition curve; and the probability of retention at initial appointment is the vertical distance between the two curves. Thus, at each time point for each faculty member in each category, the sum of the probabilities of promotion, attrition, and retention without promotion equals 1.
among assistant professors, women had greater aSHRs for attrition, but among instructors, women had lower aSHRs for attrition. And in the entire study sample and among instructors, surgery faculty had greater aSHRs for attrition, but among assistant professors, surgery faculty had lower aSHRs for attrition.
Gender-by-race interactions were not significant for either promotion or attrition in the models with the entire sample or those models stratified by initial rank (data not shown).
Discussion
Although other national academic medicine workforce studies have separately examined either promotion 9 or attrition, 8, 16 to our knowledge, this is the first study to examine promotion and attrition as competing risks and stratify these analyses by rank, specifically to examine differences in outcomes for instructors and assistant professors. Our study is also the first, to our knowledge, to examine the AAMC GQ variables of career intentions and debt at graduation in association with faculty promotion or attrition. We first discuss our findings for these two variables and for researchintensive medical school attendance. Next, we discuss our findings related to department at initial appointment, initial rank, appointment year, initial track, and K award receipt. Finally, we discuss our observations for race/ethnicity and gender in models that adjusted for these other variables of interest.
Although faculty career intentions at graduation and research-intensive medical school attendance have established predictive validity for an academic medicine faculty appointment, 17, 18 neither variable was previously examined in relation to promotion and attrition. We found that graduates who had full-time university faculty career intentions and attended research-intensive medical schools had higher 10-year probabilities of promotion and lower probabilities of attrition. These graduates may have been more knowledgeable about common requisites for success in academic medicine, including research and scholarly publications. We speculate that the availability of effective mentors and career advisors at research-intensive medical schools also might contribute to more successful faculty careers. Our findings reiterate the importance of career development interventions during medical school to inform students about and promote their interest in academic medicine careers. 19, 20 In addition, indebted faculty had greater aSHRs for attrition, suggesting that nonacademic medical careers affording higher incomes might become increasingly attractive to some indebted faculty. Notably, a higher proportion of URM (vs. majority) academic medicine faculty responding to a national survey reported the need to supplement their income. 21 Whether targeted debt reduction programs for faculty result in reduced attrition rates for early-career faculty, especially early-career URM faculty, is an empirical question requiring further study.
Other studies have examined departmental differences in either promotion or attrition but not as competing risks. 7, 22, 23 In our entire sample, faculty in radiology and psychiatry departments had lower aSHRs for promotion and greater aSHRs for attrition. Interestingly, a multi-institutional study of clinical MD faculty found that lower proportions of faculty in radiology and psychiatry departments reported agreement with the statement that they would choose an academic career again (ranked 15 and 16, respectively, of 17 departments examined). 24 Other studies 22, 24 and ours underscore the importance of departmental context in efforts to understand academic medicine career trajectories.
Our observations about instructors fill a notable gap in the literature, as other academic medicine workforce studies on faculty composition, promotion, retention, and attrition have excluded instructors. [5] [6] [7] [8] [9] [10] [25] [26] [27] In our study, instructors constituted a dynamic group, with greater aSHRs for both promotion and attrition (vs. assistant professors). These findings may vary by institution. For example, although instructors constituted about 10% of all academic medicine faculty members nationally in 2016, 28 90% of entry-level faculty appointments at one Figure 2 Ten-year probabilities of MD faculty promotion (chi-square = 15.8, df = 1, P < .001) and attrition (chi-square = 5.3, df = 1, P = .02) since initial appointment as full-time instructor or assistant professor at U.S. Liaison Committee on Medical Education (LCME)-accredited medical schools, by gender. Individuals in the sample were U.S. LCME-accredited medical school graduates. Nonparametric estimates of cumulative incidence function (CIF) were used to plot the probabilities of promotion and attrition after initial appointment (from January 1, 2000 through December 31, 2012) and followed through December 31, 2013; CIFs were compared among groups using Gray's statistic.
14 The probability of promotion is the vertical distance from 0 to the promotion curve; the probability of attrition is the vertical distance from 1 to the attrition curve; and the probability of retention at initial appointment is the vertical distance between the two curves. Thus, at each time point for each faculty member in each category, the sum of the probabilities of promotion, attrition, and retention without promotion equals 1. Career intention at graduation Abbreviations: uSHRs indicate unadjusted subdistribution hazard ratios; aSHRs, adjusted subdistribution hazard ratios; LCME, Liaison Committee on Medical Education; CI, confidence interval.
a Individuals in the sample were U.S. LCME-accredited medical school graduates. To study the effects of several variables on promotion and attrition, the authors used proportional subdistribution hazards models. 15 Point estimates for uSHRs and aSHRs, their 95% CIs, and two-tailed P values are shown. Adjusted models include all variables shown. Note that SHRs > 1.00 indicate greater hazards and SHRs < 1.00 indicate lower hazards of the outcome of interest (promotion or attrition). Some 95% CI values are shown to three decimal places to support the significance of the finding, which would not be evident if the value were rounded to 1.00. school were at the rank of instructor. 29 We found that instructors had a 54% 10-year probability of promotion, but assistant professors had only a 24% 10-year probability of promotion, which may reflect less stringent criteria for promotion among instructors than among assistant professors and explain the higher probability for promotion among instructors. Notably, more recent appointment year was associated with lower aSHRs for both promotion and attrition, which was not surprising because more recently appointed faculty had fewer years of follow-up over the study period (i.e., through December 31, 2013). Although most variables were associated with promotion and attrition regardless of rank, 10-year probabilities of promotion among instructors did not differ significantly by gender and debt, and interestingly, the aSHRs for promotion did not differ significantly by debt regardless of rank. Moreover, the direction of gender and initial department differences in aSHRs for attrition differed by rank, suggesting that combining both ranks for analysis might obscure some important rank-specific differences in variables of interest.
Previous studies have not specifically examined faculty promotion at medical schools without tenure tracks. Earlier studies reported that, at schools with tenure tracks, 10-year promotion rates were higher for tenure-track faculty, 5 and tenure-track faculty were more likely to be promoted, 7 compared with non-tenure-track faculty. We found that faculty on the tenure track and faculty at schools without tenure tracks 30 had greater aSHRs for promotion than nontenure-track faculty. Interestingly, faculty at schools without tenure tracks, but not tenure-track faculty, had a significantly lower aSHR for attrition than nontenure-track faculty. Thus, faculty at schools without tenure tracks had the most favorable 10-year probabilities of promotion and attrition. Data over three decades show that the percentage of U.S. medical schools without tenure tracks is generally very low (6%). 30 At the same time, the proportion of newly appointed full-time clinical MD faculty (at the assistant professor or a higher rank) on tenureeligible tracks has declined from 46% to 14%, with concomitantly increasing proportions of new full-time clinical MD faculty appointed to non-tenure-track positions at U.S. medical schools that do have tenure tracks. 30 Our results suggest that faculty initially appointed as assistant professors on non-tenure tracks may remain in entry-level positions without promotion for many more years than assistant professors on the tenure track and faculty at schools without tenure.
Our findings for mentored K awardees extend previous reports of high academic medicine retention and promotion rates among mentored K awardees 31 and of greater likelihood of promotion among assistant professors who received NIH (R01 and all other) awards. 7 These findings 7, 31 and ours may reflect, in part, faculty members' strong commitment to biomedical research as integral to academic medicine careers and the high value placed on NIH funding by medical school faculty promotions committees. 7 Thus, research mentoring programs focusing on enhancing junior faculty research grant success [32] [33] [34] should serve to increase faculty retention and promotion.
Our observations regarding race/ ethnicity and gender have implications for ongoing efforts to increase academic medicine workforce diversity. URM faculty had a significantly lower aSHR for promotion, and both URM and Asian/PI faculty had significantly greater aSHRs for attrition in the entire sample and models stratified by rank, even after controlling for variables thought to contribute to the lack of racial/ethnic diversity in academic medicine (e.g., track 35 and indebtedness 21 ). Although the direction of findings regarding attrition was similar for Asian/PI and URM faculty, reasons for these findings and strategies to address them may differ between these two groups. Given the success of mentored K awardees in academic medicine promotion, 7,31 efforts to support early-career investigators from underrepresented groups in the federally funded biomedical research workforce [36] [37] [38] should serve to increase the promotion of URM faculty in academic medicine. In a survey study of 12 academic medicine centers examining aspects of institutional climate that support diversity and inclusion, black and Hispanic/Latino respondents reported lower degrees of engagement and inclusion, while Asian respondents reported higher degrees of engagement and inclusion, compared with white respondents. 39 Thus, efforts to improve the academic medicine environment, especially in terms of factors that support engagement and inclusion, might impact the attrition of URM faculty but not necessarily that of Asian faculty.
Finally, similar to gender differences in faculty promotion reported in studies that excluded instructors, 5, 7, 25 we observed in the entire sample that women had a lower 10-year probability and lower aSHR for promotion than men, which was observed separately among instructors and assistant professors as well. Among assistant professors only, women had a higher 10-year probability and greater aSHR for attrition than men; but among instructors, women had a lower 10-year probability and lower aSHR for attrition than men. Thus, outcomes for women instructors were at least as favorable as those for men, but for women assistant professors, outcomes were less favorable. Whether gender differences in research productivity (e.g., publications 26 ) or other variables contributed to these gender disparities in career trajectories, particularly among assistant professors, requires further research.
Our study's strengths include the use of competing risk methodology to analyze early-career promotion and attrition trajectories in a large, national study of newly appointed academic medicine faculty. Competing risk methodology provides a more nuanced and complete picture than studies examining only promotion or attrition. Studying promotion and attrition as competing risks allowed us to estimate the probability of retention without promotion as well, which is generally understudied; it is worth noting that for newly appointed assistant professors in our sample, the 10-year probability of retention without promotion (41%) was the most probable of the three outcomes. We also included variables that had not been examined in association with junior faculty career trajectories (e.g., career intentions at graduation, debt at graduation, the initial rank of instructor); our findings can directly inform strategies to prepare and advise medical students/ trainees who are considering academic medicine careers about expectations for promotion and success. Finally, to mitigate the potential for bias from missing data, we included a missing data category for several variables in our analyses.
Our observational study also has limitations, including the inability to make causal inferences. Our results may not be generalizable to non-LCMEaccredited medical school graduates in the United States, graduates from medical schools outside the United States, or to the small proportions of part-time faculty, volunteer faculty, or faculty initially appointed at other positions/ranks. Findings also might not be generalizable to PhD faculty who constituted 22% of full-time academic medicine faculty nationally in 2016. 40 Unmeasured variables, such as institutional climate 39 and the "minority tax," which disproportionately burdens URM faculty with responsibilities to promote and sustain diversity efforts, 41 might contribute to disparities in career trajectories as well, especially for URM faculty. Gender and race/ethnicity interactions with other variables in relation to promotion and attrition also warrant further study. Furthermore, studies that examined promotion at and/ or attrition from only the institution of initial appointment 10, 16, 23 may not be directly comparable to our study or to other studies that examined promotions, whether or not they occurred at the institution of initial appointment, and attrition, defined as leaving academic medicine entirely. [5] [6] [7] [8] [9] Finally, although the social and institutional context in which promotion and attrition occur merits consideration, our faculty data did not include such potentially relevant contextual information. Nonetheless, our study provides new knowledge about academic medicine career trajectories for U.S. LCMEaccredited medical school graduates appointed to full-time instructor and assistant professor positions. Findings may be of interest to deans, department heads, and faculty promotions committees at U.S. medical schools, to federal funding agencies that support early-career investigators, and to current and aspiring full-time academic medicine faculty.
